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Introduction:

An estimated 10 million post-menopausal women in the United States currently use
estrogen-based hormone replacement therapy (HRT) to ease menopausal symptoms and prevent
osteoporosis. Recent epidemiological studies from the Women's Health Initiative indicate that
HRT may actually increase the risk of breast cancer (BC), as well as heart attacks, strokes, and
blood clots (Rossouw, et al. 2002). A meta-analysis of nine prospective studies on post-
menopausal levels of endogenous sex hormones and BC showed a strong association of
estrogens with BC risk (Anonymous, 2002), a rate which is much higher in post-menopausal than
pre-menopausal women. Yet, estrogen levels are lower in post-menopausal as compared to pre-
menopausal women. In this dilemma, a re-evaluation of the risk factors for BC is necessary.
Because of the female baby-boomer generation entering this menopausal status, now there is an
even greater need to address BC etiology associated with HRT or estrogens.

In the present study, we hypothesize that a high iron level is one of the pre-neoplastic
changes in post-menopausal women, and HRT causes iron release to increase BC risk. This
hypothesis will be tested using an iron loaded transgenic mouse model. Since iron slowly
accumulates due to the mutation of the HFE gene (hemochromatosis Fe), iron elevated in the
mouse body mimics the post-menopausal condition.

Development of iron overloaded transgenic mice:

The murine HFE gene is structurally similar to the human gene. Four different HFE gene
disruptions have been reported in the mouse: an exon 4 knockout, an exon 3 disruption/exon 4

knockout, an exon 2-3 knockout, and a C282Y
HLeF knock-in (Zhou, et al. 1998, Bahram, et al.

Wildtype allele 4 1999, Levy, et al. 1999). In each model, the
4-mice manifest increased hepatic iron levels,

Hfe lnt 3 R elevated transferrin saturation, and increased
Hfe ExF intestinal iron absorption. These mice also

Targeted allele -- demonstrate relative sparing of iron loading in

fe Ex 5 R reticuloendothelial cells. We have used the
Figure 1. HFE gene knockout. exon 4 knockout mice provided by Dr. Nancy

Andrews of the Howard Hughes Medical
Institute, Harvard Medical School, which are

currently bred in our laboratory (Levy, et al. 1999). Figure 1 shows the wild type allele and the
targeted allele of the HFE knockout mice.
Using RT-PCR with primers of HFE Ex3 HFE Ex3 F/ HFE T3 R HFE Ex3 F1FE Ex5 R

F: 5' GTCACGAA GTTGGGA GTGGT M 1 2 3 M 1 2 3

3', HFE Int3 R: 5' 00bp-_

CAGCCTTGGCTACAGTGTGA 3' and
HFE Ex5 R: 5' ATGGTGACCCC ACTG
ATGAT 3', the designed PCR products of Figure 2. Genotyping of HFE mice. M: marker; 1.
the following two primer sets of HFE Ex3 Wild type; 2. HFE homozygote; 3. first offspring HFE

F/ HFE Int 3 R will be about 500 bp (wild- homozygote.

type) and HFE Ex3 F/ HFE Ex5 R will be I
400 bp (HFE homozygote).
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Genotype of HFE mice by RT-PCR:

Figure 2 shows the genotyping of the wild-type C57BL6 mouse, the original HFE
homozygote, and the first offspring of HFE homozygote mice. The left panel of Figure 2 shows a
band of 500 bp (primer set HFE Ex3 F/HFE Int 3 R) by the wild-type but not by HFE
homozygotes. The right panel shows a band of 400 bp by HFE homozygotes but not by the wild-
type mouse. It is expected that HFE heterozygotes will produce double bands (400 bp and 500
bp), though HFE÷/" mice have not yet been bred in the laboratory and will not be used in the
present study.

Evaluation of iron status in sera of wild type and iron overload HFE transgenic mice:

Serum iron (SI), serum unsaturated iron binding capacity (UIBC), total iron binding
capacity (TIBC), and transferrin saturation (%) are determined as follows: At an acidic pH (pH
4.5) and in the presence of hydroxylamine (a reducing agent), transferrin-bound iron dissociates
to release ferrous ions. These react with ferrozine to form a stable magenta-colored complex
(Fe2 -ferrozine) with a maximum absorption at 560 nm. The difference in absorbance at 560 nm
before and after ferrozine addition in the serum sample is proportional to SI concentration. In

contrast to SI, serum UIBC is measured at alkaline
pH (TRIZMA®, pH 8.1). Ferrous ions added to the

Table 1. SI and TS levels in wild type and serum bind specifically to transferrin at
HFE homozygote mice unsaturated iron-binding sites and then the

S L Tremaining unbound ferrous ions are measured
SI (paM) TS (%) with the ferrozine reaction. The difference

Wild-type 28.6 39.1 between the amount of unbound iron and the total
Homozygotes 891.8 amount added to serum is equivalent to the

mzge 88.1 91.8__ _ quantity bound to transferrin, which is the UIBC.

The serum TIBC equals the SI plus the ULBC.
Serum transferrin saturation (%) is calculated

using (SI divided by TIBC) x 100.

Table 1 shows the levels of serum iron (SI) and transferrin saturation (TS) in a ten-week-
old wild-type C57BL6 and the first offspring of HFE-" mouse at the same age. The differences in
iron levels between the two mice types were striking, even though these mice were fed with the
Purina base diet without iron supplementation.

Characterization of estrogen receptor status in two mouse mammary cancer cell lines:

Cell lines MXT+ MXT- MCF-7 MCF-10A MXT+ (estrogen receptor positive

ER-alpha 0 ' - - " and progesterone receptor positive;

ER-beta a w ER+/PR+) and MXT" (ER/PR+) cells are
Beta-tubulin w Q - gifts from Dr. G. Bernhardt of the Institute

of Pharmacy, University of Rogensburg,
Figure 3. Western blot analysis of ER protein. Beta- Germany, and are available in our
tubulin was used as an internal control for protein laboratory (Bernhardt, et al. 2002). The
loading. ER-beta loading is much more than ER-alpha. MXT+ cell line was derived from the

murine mammary cancer model MXT'M-
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3,2 MC (hormone sensitive), which was first induced by urethane treatment in female
C57BLxDBAfF1 mice as previously described (Watson, et al. 1977). MXT cell line was
derived from the MXT-M-3,2 (OVX) MC (hormone insensitive) mice (Watson, et al. 1980).
Figure 3 shows the ER status of both cell lines. They were characterized in our lab by Western
blot along with the human breast cancer cell lines MCF-7, known as ER%, and the immortalized
human breast epithelial cell line MCF-OA, known as ERW. Because MXT÷ cells contain PR,
these results indicate that ER in the MXT+ cells (ER+/PR÷) is functional, representing 55% cases
in primary BC. Due to the budget constrain, only MXT+ cells will be used in the present
proposed research.

Changes in study design:

As originally proposed in this award, we intended to inoculate cells from the human
breast cancer cell line MCF-7 into the mammary fat pads of our transgenic mouse model.
However, this is not a valid approach because human cancer cells will only grow in nude mice
but not in the iron overloaded transgenic mice that we have been using. We decide to use the
mammary cancer cell line MXT÷ (ERW and PR+) for the present study.

Due to the nature of the animal studies involved in this research, we are currently at the

phase of feasibility tests and thus, behind the schedule as originally planned.

Key Research Accomplishments:

1) Bred and characterized the iron overloaded transgenic mice in our laboratory.

2) Evaluated the iron status in sera of wild type and HFE transgenic mice, validating our
model mimicking post-menopausal conditions. Due to the cessation of menstrual
cycling, iron levels in post-menopausal women are higher than in pre-menopausal
women.

3) Characterized the estrogen receptor and progesterone receptor status of different
human breast cancer and murine mammary cancer cell lines. Hormone replacement
therapy mainly consists of estrogen and progestin, knowing the receptor status is
important for data interpretation.

Reportable Outcomes:

Publication: None

Abstracts: None

Personnel:

Xi Huang, Ph.D. Principal Investigator, 10% effort

Jisen Dai, M.D. Research Associate, 100% effort.
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Conclusions:

In the past year, we have performed the feasibility of various murine mammary cancer
cells with different estrogen receptor status growing in our iron loaded transgenic mouse model.
We are currently testing whether HRT will increase mammary tumor in these mice.
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